Wihilst the general position as regards insulin is satisfactory, there are many points of difficulty which arise in the course of treatment, and it might serve a useful purpose if I spoke this evening of some of the difficulties which have occurred in my own experience. For this purpose I have analysed the group of patients in the treatment of which I have taken a share during the last two years at St. Bartholomew's Hospital.
They have all been in hospital and are now attending in the out-patient department under our " follow-up " scheme. A letter is written to each one every three months, and it is only occasionally that there is any difficulty either in getting the patients to attend, or in hearing of their progress. The great majority attend every two or four weeks. Most of them have been in the wards of the medical unit under Professor Fraser, and I have looked after them nearly all the time. Some of them have been in the wards of Dr. Drysdale and Dr. Langdon Brown, and I have only seen them as out-patients since December, 1924 . No case has been included which had not been admitted to hospital before January 1, 1925.
At first sight the number of deaths seems large, especially after what has been said about the value of insulin, but an analysis of these cases will, I think, provide the explanation. This analysis shows that there was definite evidence in twelve cases that another disease was present, which had probably precipitated death. Two patients, who had refused to diet, died outside hospital, but the information received about them was scanty. In three cases no other disease was discovered. One of these died outside the hospital, and no sign of any other disease was discovered by the doctor in charge; the dose of insulin was only 20 units, and it is probable that an autopsy might have revealed the presence of some other disease. The other two patients died in hospital, one in the London Hospital, and Dr. 0. Leyton told me that insulin had very little effect on his blood-sugar, and that no other disease was discovered during life. Only a partial autopsy was permitted, and no other lesion was found.
The other case which died in hospital is of great interest as the patient, a woman aged 30, was under close observation during nearly the whole duration of the illness. The disease began acutely, and she was admitted to hospital on May 29, 1924, some five weeks after the onset. At first the disease did not seem severe, as the blood-sugar fell to normal on dietetic restrictions alone. After four weeks she left hospital, taking 10 units of insulin a day. On September 8, 1924, only nine weeks later, the patient was readmitted, as the glycosuria had reappeared. She admitted that she had made a few minor alterations in her diet, but these did not seenm sufficient to account for increase in the blood-sugar. During the next ten months she was in hospital under the care of Professor F. R. Fraser and Dr. G. C. Linder. The dose of insulin was steadily increased, and for some time before leaving hospital she had been taking 110 units of insulin on a diet which never contained more than 16 to 20 grin. of carbohydrate and a total of 1,800 calories in all. A most careful search was made for any source of sepsis. A slight discharge from one ear was present, but this had followed an operation on the mastoid four years before. The ear was repeatedly examined, and Mr. T. H. Just reported that no operation would assist the healing of the condition, and it subsided gradually under treatment. An acute attack of tonsillitis in April, 1925, caused an increase in the bloodsugar and insulin dosage, and the tonsils were subsequently enucleated, because the crypts were full of pus. During the nine months the weight increased by 29 lb., but the general appearance of the patient was always delicate. A week after leaving hospital a small amount of glycosuria occurred and, owing to a misunderstanding, no food and no insulin were taken for one day. On the next day the usual food and insulin were administered, but the Section of Therapeutics and Pharmacology 3 patient became drowsy in the course of the afternoon and she was sent into hospital. During the next fifteen hours before death occurred, 100 units of insulin were injected, but this dosage, which would have been ample for most comatose patients, had no effect on her. At the autopsy, performed by Sir Bernard Spilsbury, no other disease was discovered. The pancreas was small, but showed no naked-eye changes. On microscopical examination, the islands in the head, body and tail of the pancreas were much reduced in number. The staining reaction of the island cells was altered, and the cells resembled those of the acinous portion. No differential staining for alpha and beta cells was possible owing to post-mortem changes.
We must regard this case as one of a progressive degeneration of the islands of Langerhans in spite of adequate doses of insulin. I expect that this also occurred in the case of the man who died in the London Hospital. With these two exceptions, there is good reason to ascribe death in the other cases to superadded diseases.
The next point for consideration is the difficulty in maintaining the fasting value of the blood-sugar within the normal limits. I think that it is now widely admitted that this ideal in treatment should be attempted. So far I have only treated two patients, in hospital or nursing homes, in whom it has been impossible to attain this ideal. I expected that these would do badlv, but they were both alive and fairly well two years after treatment was started.
One woman, whose blood-sugar in the morning before the insulin injection at 10 a.m. was never less than 0'18 per cent., now has a blood-sugar of 0'25 per cent. under the same conditions. She takes 35 units of insulin a day and her diet represents 1,000 calories. At first she gained weight rapidly, and now maintains her weight and is capable of doing her own house-work. These two cases, notwithstanding, I still believe that it is a great advantage to the patient if the blood-sugar can be maintained within normal limits, provided always that no discomfort is caused. I have watched some patients in the out-patient department -develop a high blood-sugar in spite of treatment, and have been able to measure the decrease in tolerance by the increase in the insulin requirements. It is, however, impossible to say for certain that the downward progress would have been more rapid if the blood-sugar had been allowed to remain high.
On hypothetical grounds, the patient has a greater reserve power and is freer from danger if he can maintain a normal blood-sugar for several hours after the morning dose of insulin is due. However well the patient may feel and look, I regard him as unstable if the morning blood-sugar is over 0'13 per cent.
I have always tried to keep the morning value of the blood-sugar below 013 per cent. By the term morning blood-sugar" the fasting value is not meant, as the latter is almost impossible to obtain, after the patient has left the hospital or nursing home. The patient has his ordinary breakfast without any added carbohydrate, but does not receive any insulin. The blood-sugar in this series of cases is collected between 10.15 a.m. and 12 noon. This is a fairly severe test, since the blood is collected from two to four hours after the usual time of the insulin injection. A blood-sugar which is normal at 8 a.m. may have gone up considerably four hours later. This is a more useful test than collecting the blood some three hours after the usual meal and insulin have been taken. The patients have been divided into two groups-mild and severe. The criterion of severity which I have used is, whether insulin was necessary to lower the blood-sugar to normal or whether dietetic restrictions alone were sufficient.
The diet has varied a certain amount from case to case. The total carbohydrate was at first limited to 16 or 20 grm. in the hope that this would give the beta cells a greater chance of recovery, but I am bound to say that I do not think this has yielded the results anticipated, and I am now increasing it to 25 or 30 grm., in the severe cases, after the blood-sugar is normal. In the mild cases a larger amount-50 to 60 grm.-is allowed. The patients have all regained a great deal of the weight they had lost and are nearly normal in this respect. 
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Of the severe cases, eight out of eighteen have a blood-sugar which is usually between 0414 and 0 18 per cent. Two patients have a blood-sugar over 0-20 per cent., but one of these is an unreliable patient and the blood-sugar always becomes normal a few days after being admitted to hospital; the other has only recently come to the out-patient department. In the mild cases the rise in the blood-sugar has nearly always followed an infection.
Various methods have been adopted to lower the blood-sugar, and these will be best explained by a consideration of the simplest cases.
(1) If a patient, who is only having one dose of insulin, has a raised bloodsugar, the morning dose of insulin is increased by two units in order to avoid giving two injections a day. If the increase in the insulin causes signs of an overdose at mid-day without lowering the blood-sugar, it is clear that a second dose of insulin is required. If the blood-sugar is only 0-15 per cent., a small dose of two to four units may be quite sufficient. If only a small dose is required, the actual time of the injection does not matter, and it can be given, either before or after the meal, so as to cause the least inconvenience to the patient. The risk to an adult of an overdose at night from such a small dose is negligible. When the morning bloodsugar sinks to normal, the patient may show slight signs of overdosage in the middle of the day, and as soon as this happens the morning dose should be reduced.
(2) If the morning blood-sugar is too high when the two doses are being taken, the problem is a little more difficult. If it is possible, an estimation of the bloodsugar some three or four hours after the insulin is of assistance.
The morning dose is first increased by two units at a time, and this may be sufficient to lower the blood-sugar. But the patient may show slight signs of overdosage before this occurs. Then the morning dose should be decreased at once, and our patients often do this themselves. If the morning blood-sugar is still high, the evening dose must be increased by two units at a time. It was originally taught that the evening dose should always be smaller than the morning one, owing to the danger of hypoglyctemia occurring at night. This practice was observed for a long time, but recently the evening dose has been considerably increased in carefully selected cases. Some patients cannot take a large evening dose, and the following are extreme instances:- 
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The explanation of this difference is not easy, as it is natural to assume that as the bulk of the food is eaten in the daytime the bigger dose should be taken then. The following case does, however, offer an explanation.
The patient, aged 9, developed an acute attack of diabetes nmellitus while at school; this was recognized within the first week of the onset and treated at once.
As some slight diminution of sugar tolerance had taken place after nine mionths, small doses of insulin were given and for the next nine months, 4 units caused synmptoms of overdosage, 3 caused none at all. In March, 1924, he developed pyrexia for two days and was admitted into hospital for observation. The boy seemed healthy but the blood-sugar was 0'20 per cent. Some three weeks later another bout of pyrexia set in and the signs in the lungs and the X-ray examination of the chest suggested that the bronehial glands were enlarged owing to tuberculosis. The temperature later on became normal. The blood-sugar fell to normal as the condition improved, and the insulin was reduced to 6/4. Then the blood-sugar increased again and the insulin was slowly increased without producing much effect. At this stage the evening dose of insulin was increased until it reached 17/22. The blood-sugar then became normal, and the insulin was gradually decreased. The boy has never had any symptoms of overdosage.
This case suggests that the high morning blood-sugar is here associated with the smouldering tuberculous infection. Patients with tuberculosis usually develop pyrexia in the evening and extra insulin may be required to keep the blood-sugar normal; thus the evening dose may have to be larger than the morning one. When the morning blood-sugar has become normal, as a result of increasing the evening dose, the patient may show some signs of hypoglycaemia in the morning, and a reduction in the morning dose of insulin will then be necessary.
Sometimes the increase of either the morning or evening dose may cause slight symptoms of overdosage, and I have seen two such cases. The interval between the two doses was only eight hours in one case, and ten hours in the other. These conditions had existed since the patient left hospital. As soon as the evening dose was postponed for two or more hours, the symptoms of overdosage disappeared and it was possible to increase the evening dose.
A criticism which may be directed against the method which I have used is that it may cause severe symptoms of hypoglyeamia. The patients are instructed about the symptoms, and know what to do, and often reduce the dose of insulin themselves. Actually, in the group of cases I have analysed, there have been raild symptoms of overdosage on a fair number of occasions in the form of limpness, sweating, &c., but they have always disappeared very quickly when either the next meal or some sugar was eaten. Severe symptoms have occurred on three occasions.
One man who was taking the evening dose too early became actually unconscious for one hour, but recovered without any treatment. Another man came to hospital complaining of a discharge from one ear. He attended for treatment in the Aural Department and some wax and sodden epithelium were removed. His blood-sugar that morning had been 026 per cent. instead of the usual figure of 0O15 or lower. A postcard was therefore sent that evening telling him to increase the dose of insulin at night by 4 units. Four days later he was brought to hospital in the evening, as he had developed a hemiplegia. The postcard was brought with him and the house physician on duty recognized the possibility that the hemliplegia was due to hypoglycaemia. The reflexes were diminished and the plantar response was flexor. Sugar was therefore given and within three hours the paresis had disappeared.
Another man, not in this series of cases, has had serious symptoms on two occasions because he increased the dose of insulin too much and would not carry any sugar with him. On the whole the symptoms have been very mild in type. All patients are instructed to carry sugar with them and those taking large doses also carry a notice with them saying that they are taking insulin.
Another difficulty is the method of dealing with the minor and major infections which may occur in the course of treatment. It is well recognized that almost any infection may cause a rise in the blood-sugar, and perhaps glycosuria, in diabetic patients. The minor infections may do no more than this, but the major ones may precipitate coma. The correct treatment with insulin is not easy to carry out. At present, the patient is told to increase the dose of insulin by 1, 2, or 4 units as soon as a minor illness, such as a "cold in the head," begins, even though no sugar appears in the urine. As soon as any signs of overdosage appear the dose of inlsulin should be reduced. If this procedure is employed, it may be possible to prevent the fall in sugar tolerance which, in some cases, after a trivial cold in the head, has taken three or four weeks to pass away.
This method was eilmployed in the treatment of a woman who had had diabetes for five years and then a mild attack of scarlet fever developed. Her insulin requirments were 28 units in two doses of 14 units. As soon as the condition was diagnosed, the insulin was increased by 2 units morning and evening although no glycosuria occurred at any time. The dose of insulin was increased in this way to 24 units night and morning, making a total of 48 units. At this stage rather severe reactions due to hypoglyceamia occurred, and the dose of insulin was at once decreased. At the end of this attack she felt well and has gained 7 lb. in weight and was having reactions with the original dose of 14 units night and morning. The case is especially interesting in that 20 units more insulin were taken without any symptom when the disease was active.
But if the infection is sufficientlv severe to cause a glycosuria in spite of the small addition in the dose of insulin, much larger doses must be given.
Unless it is possible to make frequent estimations of the blood-sugar it is necessary to gauge the dose by the presence or absence of glycosuria. The urine should be collected as far as possible in three-hourly periods and tested for sugar. It is unnecessary to estimate the percentage of sugar present. The procedure is best explained by the description of a hypothetical case. If the patient, who has been taking 15 units in the morning and 10 at night, is taken ill during the night and if the urine passed at 8 a.m. contains sugar, whereas it is usually free from sugar, it is clear that the usual dose of 15 units will not be sufficient and an increase of 5 units should be made, making 20 units. The urine passed in the next three hours is bound to contain sugar. as the blood-sugar was probably over 0-20 per cent.; but if the dose of insulin is adequate, there will he no glycosuria in the period of four to six hours after the insulin. If so, the urine should be tested every three hours, and when sugar reappears 10 units of insulin should be given.
If, however, in the period four to six hours after the insulin the urine contained sugar, it is clear that the dose of twenty units was insufficient, and that the bloodsugar is probably still above 020 per cent. It is then safe to give another twenty units, and if the urine for the next four to six-hour period still contains sugar the dose of insulin should he increased to twenty-five units, and it may have to be very greatly increased. It is sometimes necessary to increase the dose of insulin to a very high figure say 200 units in the day and the increase in the dose may have to be made by ten or twenty units at a time, if it is obvious that the patient is not responding to the insulin. 
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The question of collecting the urine at night is an important one. If the patient is not seriously ill it is not necessary to do so every three hours, but if there is any danger of coma the urine should be tested, as this will give some clue as to the dose of insulin. The danger in the severe case lies in not giving enough insulin, but it does require a certain amount of courage to increase the dose of insulin from ten units to 200 units in the course of twenty-four hours.
One of the great difficulties of former years has disappeared since the introduction of insulin, as patients keep much more strictly to their diets and nearly always co-operate willingly in the treatment.
Discutssion-.Dr. R. D. LAWRENCE mentioned the very marked effect of exercise in decreasing the blood-sugar, which was especially noticeable in people who constantly alternated between sedentary and active pursuits. He mentioned the case of a gardener -whose diet had been constant for eighteen months. Last winter his regular insulin dose was ten units in the morning and six in the evening, which kept a good balance, his blood-sugar falling to 01 four hours after the dose. About May he began to work very much harder, and also took up cricket; after one week he suffered from dizziness caused by hypoglyciemia, and in July he was keeping a good balance with six units once a day. At the end of that month he stopped work and cricket, and his blood-sugar increased. He restored his balance with a dosage of eight units of insulin in the morning and of five at night. Following medical advice he returned to work and found that five units daily were then sufficient. He now carried out nine tests nearly every day, and had learned to adjust his own insulin to correspond with his activities. Another patient of sedentary habits who had been receiving sixteen units in the morning and twelve at night suffered from hypoglycamia two or three hours after his Sunday tennis if he had more than ten units in the morning; eight kept him in good condition. He went on a vigorous holiday and for three weeks was able to double his carbohydrate intake on the samie insulin dose without passing sugar. He even suffered from hypoglyceamia if he took exercise before meals. This exercise factor would account for the apparent improvement of patients on their discharge from hospital and return to active life.
Dr. E. P. POULTON said lie had found that the mild cases of diabetes did better with small doses of insulin than with dieting alone. He described one such case of long standing in which, before beginning to take insulin, the patient suffered from giddiness on getting up suddenly, and this had disappeared when he was put on small doses. In very wasted patients there was a great danger in treating with insulin unless a large amount of carbohydrate was given. He also described one curious case which dated from the preinsulin days. The disease began as a pancreatitis, with jaundice, and a mild diabetes followed. The patient was eventually treated with insulin, and the sugar tolerance curve remained more or less stationary. There was now, however, some slight degree of deterioration, and this patient had always the particular symptom of pain in the epigastrium and iiild attacks of jaundice. Possibly disinfection of the gall-bladder might be attempted, but it seemed a drastic thing to operate on these rather slight indications.
Dr. G. A. HARRISON spoke of the special difficulties of treating diabetic children. Since it was essential to give a diet of sufficienc calories to permnit growth, the food intake had to be large. The difficulty was, therefore, to keep pace with these comparatively rich diets without giving too much insulin. Several American writers Inaintained that one injection daily was sufficient unless the dose exceeded 10 units, when it had better be divided into two or more. In several cases in which large doses were necessary three or four doses were given daily before meals, and another at midnight. The multiplication of doses, however, was extremely bad for children, partly because of the hardening effect on the skin and partly because of the alarmii caused to the child by the whole process of injection. In fact, parents were often unable to give the insulin for this reason. The maximum number should therefore be reduced to two if possible, but severe cases tended to show a rise in the blood-sugar after a night's rest. With careful spacing of meals, however, and a 10 or 12 hours' interval between doses the blood-sugar could often be kept down. Parents should be told to supervise the exercise of the children in order to prevent a sudden drop in blood-sugar from this cause. In children intercurrent sepsis was liable to be very sudden and serious. The prescribed diet was very difficult to give when the child was sickening for solmle infection, and the doctor, heaming that all food was not being taken, was liable to fear hypoglycEemia and reduce the insulin or to stop it altogether. Unless he could test the blood-sugar often, it was difficult to recognize the true cause of the anorexia. Insulin should never be stopped entirely, even if no food were being taken at all, as a patient suffering from an acute illness might have a large carbohydrate store. The family doctor must strike a balance between the increased requirement due to the sepsis, and the decreased requirement due to reduction in food intake. It was far better to send the child to a nursing home, but in the interval he might, as a general rule, substitute measured quantities of milk for the prescribed diet, as it was the only food most sick children would take. As a rough guide, if the normal dose of insulin were 10 units it should be reduced to 5; if over 10, then two-thirds of the usual dose should be given. Sugar should be kept at hand, but glucose should not be given with insulin as a matter of routine. The hypoglyceemic reactions of children were not so marked as those of adults; often an attack began with fretfulness and then the child became quiet and pale. It was naturally extremely difficult to distinguish these signs from those of pyrexia. He sumlimarized the difficulties as in inverse proportion to the facilities for blood-sugar estimations.
Dr. C. H. BEST (Toronto) said that it was very interesting to learn that the problems confronting the clinicians in England were very rnuceh the same as those that confronted the clinicians in Canada. Cases which came regularly to the out-patient department seemed to progress comfortably; the trouble arose in cases which were seen only at irregular intervals. To overcome this difficulty the General Hospital at Toronto had developed a special branch of its social service department for keeping in closer touch with these patients. As the President (Dr. Graham) had said, the occurrenee of infection in these diabetic cases under treatment was the great bugbear of the clinicians, and there did not seem to be any particular way of overcoimiing it except by early recognition of the infection and increasing the dose of insulin or adjusting the dietetic treatment. In the cases in Toronto in which there had been ino injection progress had been very smooth. It might be of interest to state that the first patient who received insulin-a lad named Thompson, on January 11, 1922-was now a very healthy young man, and to all appearances perfectly normal. The experiences described by Dr. Lawrence were interesting, and in line with what one would expect from the increasing tolerance of diabetes after exercise, as noticed before the days of insulin.
Dr. P. J. CAMMIDGE remarked that it seemed to be assumed that all forms of diabetes were essentially the same. In his opinion there was a vital difference between the adult and the juvenile form. Juvenile diabetes had a distinct aetiology and origin. He had recently undertaken some research which would indicate that a constitutional high blood-sugar was a Mendelian recessive character. An animal with high blood-sugar produced a normal progeny if crossed with a normal animal, but the offspring of these showed a Mendelian proportion of individuals with high blood-sugar. Mice illustrated this principle very clearly and probably other animals would also. If it was, as he believed, a true Mendelian recessive, it would almost certainly appear in man as well. He had come to the conclusion that there was no such thing as a normal blood-sugar, but that individuals varied between wide limits. Low blood-sugar might also be recessive, but the experiments on this were not yet complete. The theoretical reason for these results lay in the interaction of the endocrine secretions. Definite chemical experiments had proved that insulin and adrenalin had opposite effects upon the activity of certain liver ferments. Insulin and pituitary extract, on the other hand, did not exercise opposite effects but chemically neutralized one another. Excessive doses of insulin, therefore, tended to exhaust the pituitary and set up diabetes insipidus in a mild forni. Another influence at work in elderly diabetics was hyperthyroidism. There was no interaction between thyroid and insulin, but the thyroid activated adrenalin, which opposed the insulin. If the hyperactivity of the thyroid were diminished by diet and treatment, signs of overdose of insulin tended to appear.
A great deal of difficulty arose from always doing tolerance tests with sugar. It was rapid and easy, but people ate other things besides sugar, and much truer results were obtained from testing after an ordinary mixed meal. Another source of error was the practice of giving insulin half an hour before a meal and making the tolerance test three quarters of an hour afterwards. B3y this method the maximum of insulin reaction was reached considerably later than the maximum food reaction, especially in hyperthyroidic patients. If the insulin were given earlier, say, an hour or an hour and a half before the meal, the maxima would be more likely to coincide.
